The elastic properties of copper metal with different individual grain orientations exhibiting the same texture are determined. We simulate the real material by two different types of clusters. The first one consists of 365 cubic grains, the second cluster is an arrangement of 181 Wigner-Seitz cells of a body centred cubic (bcc)-lattice. For each type of cluster we let the local grain orientations vary. The displacement field inside these aggregates as a result of a homogeneous deformation acting on the surface of the clusters is calculated. Although the resulting local deformation field for different individual grain orientations varies strongly, the macroscopic elastic moduli are in the frame of this simulation identical for any cluster of the same type, as it has to be for statistically equivalent materials.
INTRODUCTION
In the past decades several attempts have been made to gain access to the elastic properties of polycrystalline substances. Nearly all of these methods yield no local information about the state of deformation inside the pertinent material. The methods of Voigt (1910) and Reuss (1929) base on the assumptions that throughout the whole material the strain and stress, respectively, are constant. This is in far contrast with the familiar experimental fact that the deformation varies widely between neighbouring grains. Although these two models do not include the actual strain and stress field inside the material into the calculation they yield upper and lower bounds of the macroscopic elastic constants (Hill, 1952) .
The first successful method to take the local deformation field into account, i.e. the grain interaction, was developed by Kr/Sner (Kr/Sner, 1958; Kneer, 1964; Kneer, 1965; Morris, 1971) . If the distribution of the moduli in space is perfectly disordered this method yields the exact polycrystal constants (Krtner, 1977) .
To calculate explicitly the deformation field inside a polycrystalline material, two schemes have been recently developed. The methods of Kumar (1992) and Fritsche (1994a, 1994b) 
METHOD
To determine the elastic properties of polycrystalline materials we make use of the two-stage cluster method (for a detailed description see Kiewel and Fritsche (1994b) ). In a first step the microscopic behaviour of the substance which is simulated by a cluster of single grains is investigated. Thereto we let a homogeneous deformation act on the surface of the cluster. The resulting displacement field u(r) inside the material is then calculated. For that purpose we apply the cluster method, which represents a scheme to determine the local deformation field under consideration of the common conditions at the grain boundaries S,,,:
and where t numbers the grains, and the stress is denoted by ff_q_. At the entire surface S of the cluster a homogeneous displacement is given (Dirichlet problem):
With the knowledge of the displacement field inside the whole polycrystalline material the strain tensor can be calculated, which is defined by (4) Another very instructive quantity represents the relative changes of the specific volume:
where 0 results from the given homogeneous displacement at the surface of the cluster.
In a second step the macroscopic elastic properties can then be calculated by forming the averages of the strain and stress tensor over the whole volume V of the cluster:
The stress-strain relation of [he macroscopically homogeneous material yields then the effective elastic stiffnesses Cokl: Table 2 the bounds of Hill (columns Reuss and Voigt) and those of Shtrikman (1962a, 1962b) in columns HS1 and HS2. The Kr6ner values which hold exactly for completely Table 1 Single crystal values for the stiffnesses c o in GPa (Bradfield, 1962) 
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This function is discontinuous for a heterogeneous elastic medium since boundary conditions are only fulfilled for u(r) and __,_(r) (Eqs. (1) and (2) (Figure 2) . A resolution of single grain boundaries seems to be impossible. Thus the boundary condition (1) is quite well fulfilled. Figure 3 and 4 show the same fields for the bcc-cluster. As for the sc-cluster the strain tensor has to be discontinuous, in contrast to the displacement. The arrangement of grains is clearly recognizable in Figure 3 . There is also a distinct local difference of the deformation field for varying individual grain orientations. After examining the local elastic behaviour we can now determine the macroscopic elastic properties. With the aid of Eqs. (6), (7) and (8) we have calculated the elastic moduli B, G and E for the polycrystalline aggregates of copper (Tables 3 and 4 ). All moduli lie within the bounds of Hill and, except for one sc-cluster, all constants lie within the narrower bounds of Hashin-Shtrikman. As it has to be the values for the bulk modulus are all identical. For each type of cluster there is only a very small spread 
